(Pap) inhibited a tonic tension development in guinea pig taenia coli induced by an elevation of the potassium concentration of the medium to 40 mM The potassium ion is known as a non-selective stimulant for various smooth muscle.
Therefore, Pap should act on the process of suppling Ca and/or ATP to the contractile machinery.
Imai and Takeda (7) reported that in isometric recording the effect of Pap was to decrease the amount and/or availability of bound Ca. Ferrari and Carpendo reported that in isotonic recordings Pap primarily produced inhibition by reducing the utilization of external Ca (9).
Takagi and his collaborators (12, 13) found in isotonic recordings that Pap accelerated the loss of Ca from the taenia and this effect may be caused by an increase of cellular cyclic AMP. The K-contractures reported in these papers were induced by complete depolari zation and/or Na deficient K medium. The contractures could have little dependence on respiration and be mainly supported by passive Ca movement. From these results, Ferrari (14) concluded that the effect of Pap on smooth muscle contractility resulted from an inter ference with Ca. However, in tonic tension development induced by 40-K which is most dependent on respiration, the effect of Pap remains unknown.
We examined the effect of Pap on the highly respiration-dependent contracture of guinea pig taenia coli by means of graphical analysis of the mechanical response, by simul taneous measurement of the mechanical response and oxygen consumption of the muscle strip, and by changing the medium composition.
MATERIALS AND METHODS
Strips of taenia coli were isolated from male Hartley strain, guinea pigs, weighing about 400-500 g.
Tension measurement: Isometric tension changes were recorded with a strain gauge transducer (Nihon Kohden).
Normal Tyrode solution used had the following composition (mM); NaCI, 136.8; KCI, 2.7; CaC12, 2.5; MgCI2, 1.0; NaH.,P04, 0.4; NaHCO3, 11.9 and glucose, 5.5. For 40-K solution 40 mM NaCI was substituted by 40 mM KCI in the composition. The solutions were kept at 37 °C and equilibrated at pH 7.3 with 95'/)(') 02 and 5 0 1% C02 pH of the medium was lowered by reducing the amount of NaHCO3 in the normal Tyrode solution. In the high Ca experiment where a Ca concentration greater than 10 mM was used, NaHCO3 and NaH2PO4 were omitted from the normal Tyrode solution to prevent precipitation of Ca++ and 20 mM of Tris (hydroxymethyl) aminomethane were added instead. The tris-Tyrode solution was adjusted to pH 7.8 with HCI and bubbled by using 100°" 02 or 100;0 N2 at 37'C. The 40-K solution of Tris-Tyrode was made in the same manner as the normal Tyrode solution. Ca free medium was made by omitting CaCI2 from the original medium.
The high Ca application was made cumulatively. The tension recording procedure is illustrated in Fig. 1 .
Simultaneous measurements of O2 consumption and tension development: This procedure was as previously described (15) . Qo2 of the strip was calculated from medium partial oxygen pressure (Po2) in the perfused medium, which was measured polarographically using the sputtered platinum electrode. The isometric tension change was recorded simultaneously.
Normal Tyrode solution was used routinely, however, in some experiments 5.4 mM KC1 FIG. 1. Effects of inhibitors on the 40-K induced contracture (upper) and those of external Ca on the contracture in the 40-K medium (lower). at A: Taenia coli was mounted in an organ bath. at B: 0.6 g tension was applied. at C: Normal medium was changed to 40-K medium. at D : 40-K medium was changed to normal medium. at E: Pap or other inhibitors were applied. In this figure, 6.25 x 10-s M Pap was used. Inhibition (%) of specified time was calculated from b/ax 100. at F: 40-K medium was changed to Ca free 40-K medium. at G: The muscle was given no treatment.
In the case of experiment under anoxia, 02 gas was changed to N2 gas, and in the case of Pap treatment, the drug was applied. at H: CaC12 was added cumulatively.
In this experiment, the next Ca application was made after the effect of former Ca application had reached a steady level. Relative tension was calculated as c/a. was used insted of 2.7 mM KCI in the normal Tyrode Solution.
Calculation:
The theoretical curve in Fig. 9 
RESULTS

Effect of Pap in various concentrations and pH
The inhibition (%) of Pap to the 40-K induced tonic tension of guinea pig taenia coli in pH 7.3 medium gradually reached a steady level as shown in the upper part of Fig. 1 .
The smooth curve shown in Fig. 2 illustrates the relation between logarithmic inhibition and time. As shown in Fig. 2 The sample numbers for the point were 6-11 where S.F. of mean is shown by a vertical bar, and two where the vertical bar is missing.
rotenone was used as the inhibitor. Rotenone \~ as in a non-ionized form in the medium.
Effects of Ca++ and imidazole on Pap inhibition
Pap (2.5 x 10-s M), two metabolic inhibitors amytal (7.5 x 10-4M) and rotenone 
Effect of Pap on 02 consumption
In the simultaneous measurements of the Pot and the tension of the K con tracture, the Pot fluctuated considerably. However, a fairly steady level was reached 30 min after the K application. There fore, the inhibitors were applied 30 min after the K application. The inhibition of the Qo2 was calculated from the ratio of the value of inhibited Qo2 at the specified time after the addition of inhibitor to the Qo2 value just before the inhibitor was applied. The results were tabulated in Table I and the Where Co indicates the C,, at the equilibrium state and t refers to the time after washing out the Pap. The slope of the curve is given: dl 83 dt
In 10 k2
As shown in Fig. 8 , after washing out Pap from the 40-k medium, the tension gradually recovered to almost the level it would reach when the muscle was not treated with Pap. The I value of equation (4) Caffeine is well known as a potent phosphodiesterase inhibitor.
It was reported that
Ca++ antagonized the caffeine induced inhibition of taenia coli in the 40-K medium (18) .
Ca++ also antagonized Pap induced inhibition in Na deficient and K rich medium (9, 12) or normal medium (10). However, Ca++ did not antagonize Pap inhibition in the 40-K induced tonic tension of taenia coli. It has been shown in Na deficient and K rich medium that Pap increased the amount of cyclic AMP (13) , and that D13-cyclic AMP also inhibited the K-contracture (12), whereas DB-cyclic AMP had little effect on the 40-K induced tonic tension in the same concentration as that reported above. It has been reported that the inhibitory responses of taenia coli to Pap were antagonized by an application of 10-4 g/ml imidazole in normal medium (19) . However, a wide concentration range of imidazole never antagonized the inhibition of the 40-K induced tonic tension by Pap. The above mentioned differences of Ca++ and imidazole effects may be due to the difference in Ca++ movement and/or energy requirement of two types of K-contracture (3-6).
In the 40-K medium, all of the metabolic inhibitors tested so far practically eliminated the tonic muscle tension when used at appropriate concentrations and time. These in hibitions were never antagonized by raising Ca++ concentration of the medium or by imidazole application.
These findings led to an examination of the effect of Pap on the respiration of the muscle strip. Pap at 5,,1,10-5 M inhibited the increased Qo2 and tension simultaneously, much the same as was seen with amytal (20) . From the series of experiments concerning O2 consumption (20) (21) (22) (23) , it is known that in the 40-K medium, the inhibition of increased Qo2 (IQo) is sufficient for the inhibition of developed tension (12e) but is not a necessary condition.
Therefore, we compared the effect of Pap on the relation of the Qo2 and the tension with the effects of treatments which inhibit the tension, probably by the inhibition of Qo2. Glucose removal may inhibit Qo2 based on the reduction of available substrates of TCA cycle.
Amytal may inhibit Qo2 by interruption of the mitochondrial respiratory chain (20, 24) .
These inhibitions of the Qo., may also inhibit the tension by the reduction of available ATP.
These relations are shown in Fig. 6 . The wide scatters of the ICe were probably caused by the fluctuation of the record of the Pot. However, in each of the three treatments, the increase of the I1e was almost a linear function of the log IQC. In three cases, the coefficients of correlations were high and highly significant. Therefore, there is a correlation between the ICe and the IQ. , in each treatment. It was previously reported that the reduction of intracellular Call concentration inhibited both the smooth muscle tension and the muscle respiration, and that the reduction of ATP utilization also inhibited Qo2 (20) . However, these inhibitions of Qo2 were fully antagonized by DNP (20) . From the result in Fig. 5 , it is evident that DNP had no effect on 100 , of Pap. In addition, it was reported that Pap inhibited respiration of rat liver mitochondria (25) . It is concluded that inhibition of the 40-K induced tonic tension by Pap is probably due to the inhibition of respiration.
